To develop a sound method to identify patient and physician characteristics that influence specialty referrals.
A
widely used mechanism for controlling costs in managed care is to require authorization from a primary care physician before a patient can see a specialist. 1 Concern has been raised that the gatekeeper function could restrict patient access to necessary services. 2 The challenge for a physicians' organization is to assess whether its frequency of specialty referrals is appropriate, given the variability in physician referral practices. 3 Explicit criteria have been developed to determine if a referral is medically indicated, 4 such as the rate of false-positive referrals for strabismus, 5 or the percentage of "appropriate" surgical referrals for breast symptoms. 6 Unfortunately, criteria may not be developed for the conditions of greatest financial or clinical importance, or may require data sources beyond those generally available. 4 In the absence of criteria, over-utilization and under-utilization can be suspected if an organization's rate of referrals deviates greatly from that of similar entities. 4 However, the optimal referral rate remains unknown. 7 Previous work has shown that the likelihood of specialty referrals varies in part owing to the illness burden of the patient population, 8, 9 and in part owing to physician practice style. 7 Although it is intuitive that patients with more complex or graver illness might need to be referred more often to specialists, it is not known how best to adjust the referral rate for patient case mix. One frequently cited article 9 used the Ambulatory Diagnosis Groups to adjust the referral rate for patient case mix. 10 However, this study has been criticized, 11 because physician practice style (in this case, a low threshold for referring) could confound the association between the outcome of interest (referral rates) with the explanatory variables (complexity and severity of illness, which are also determined by the physician). 11, 12 Physicians predisposed to assuming the worst-case scenario, for example, might be expected to assign more severe diagnostic codes to their patients and refer more frequently than peers. The confounding is compounded if diagnoses made subsequent to the specialty referral are used to determine the complexity level of the case. 11 Physician-dependent factors have also been offered as possible explanations for the variability, including specialist availability, 13, 14 pressure from consumers, 15, 16 and diagnostic certainty. [17] [18] [19] Despite the numerous investigations reported in the literature, much of the variability has been left unexplained. 7 A physician organization interested in examining specialty referrals therefore faces the dual challenge of adjusting for patient complexity in a methodologically sound manner and identifying important physician-level variables. A further challenge is to assess and measure these without burdening busy practitioners. We report one approach.
METHODS
This study examined referrals to five specialties within an independent practice association (IPA) of approximately 200 primary care and 400 specialty physicians in southeastern Michigan during 1996. At this time, the IPA had imposed a partial moratorium on adding more specialists. The IPA had a full-risk contract with a local HMO to provide care for approximately 90,000 people. Thus, primary care physicians and specialists agreed to share financial surpluses or deficits if their patients' expenditures exceeded targets. 1 Patients could not see a specialist without the authorization of their primary care physician. No formal guidelines for referral were in place.
Because the focus of this article is on the methods that can be used to study referral patterns, we will present our approach in some detail, beginning with an overview. The conceptual model was that patients were at risk of being referred to a specialist each time they had an encounter with a primary care physician and they had a condition that was managed frequently by a specialist. The encounter with a primary care physician was therefore the unit of analysis. Whether or not a given encounter was followed by a specialty referral was hypothesized to be a function of patient characteristics, including diagnoses, and characteristics of the primary care physician. We thought that some of these physician characteristics could be measured by asking primary care physicians about themselves in a survey (Figure 1 ). To create the survey instrument, we started by identifying items or concepts from the literature. 7, 16, [20] [21] [22] We showed sample questions to several primary care physicians and specialists and asked for their feedback. In March 1997, the survey forms were distributed to all 144 primary care physicians caring for more than 100 patients in the IPA. Primary care physicians were told their responses would be confidential.
Please think back over the past year and try to remember patients you saw with a problem in this specialty.* Please consider the specialists within the HMO. to learn more about a disease or condition b. to establish a diagnosis c. to confirm your diagnosis d. to establish a treatment plan e. to confirm your treatment plan f. to have a specific procedure performed that you do not perform yourself g. to comply with patient or family request h. to obtain assistance due to the severity of the patient's illness
Responses from individual physicians were linked to demographic information in the IPA's physician membership file.
To identify the conditions that were managed frequently by a specialist, we started with the 260 categories of the Clinical Classification for Health Policy Research, [23] [24] [25] which themselves are groupings of a much larger number of diagnoses from the International Classification of Diseases , Ninth Revision . In earlier work, we used multivariate linear regression models to identify the 57 mutually exclusive groupings of these 260 categories that best explained overall medical conditions. (The adjusted R 2 values ranged from .42 to .48 in development and validation samples from different places and different years.) For each specialty, we ranked these 57 groups according to the number of patients seen by physicians starting at the top of the rank list with the group representing the most patients seen in that specialty. We then added the next largest group until we had accounted for approximately 90% of the patients in that specialty (86%-94%, depending on the specialty). Table 1 Once the index conditions had been identified, we constructed a separate data set for each specialty and treated each specialty as a separate study, so the same patient could be considered at risk of one referral in one data set, and at risk of another referral in a different data set. Inclusion criteria limited each data set to patients with new or recent onset of the index conditions to minimize differences in the duration of the conditions. Patients were excluded if they either had medical claims for any of the index conditions in that specialty or had been referred to that specialty in the previous year. Patients also were required to be at least 18 years old and members of the HMO in both the year of the study and the previous year. The patient's encounter with the primary care physician could occur in the office, hospital, or emergency department. The outcome of interest was referral to a specialty physician within 90 days of the primary care physician encounter, which was defined as a face-to-face encounter with a specialist that was billed as a consultation, referral, hospital visit, critical care visit, or emergency department visit.
We included as binary covariates diagnoses assigned to the patient before and during the encounter with the primary care physician but not those assigned subsequently. We searched medical and pharmacy claims databases for potential covariates. For the cardiology cohort, variables indicated the presence or absence of hypertension, hyperlipidemia, and diabetes. To use the information in the pharmacy claims, we grouped into 21 categories the American Hospital Formulary Service (AHFS) pharmacologictherapeutic classifications. 26 We derived these categories during a previous study of pharmacy expenditures, and our analyses indicated which categories were likely to be prescribed for patients with specific index conditions. For all cohorts, we identified which patients were taking drugs in each category at the index visit to the primary care physician. In our final models, we included as binary covariates only those drugs in the following categories: cardiovascular drugs (AHFS 24:00-24:04, 24:08-24:16), hormones (AHFS 68:00-68:12, 68:18-68:28, 68:34-68:36.08), and analgesics (AHFS 28:04-28:10). 26 
Statistical Analysis
All analyses were performed using SAS statistical software, version 6.12 (SAS Institute Inc., Cary, NC). Questionnaire reliability was tested with Cronbach's ␣ . Principal components analyses were used to identify survey items that could be combined into summary scores. These items were subsequently transformed to a 0-to-100 scale and combined into summary satisfaction and cost-effectiveness scores. Survey items that were not combined into summary scores were collapsed into binary variables (none-little of the time vs some-all of the time) and were tested for association with referral (yes/no) by means of 2 testing for each cohort. Items achieving a significance level of .20 were considered for multivariate logistic regression models.
Multivariate models were constructed to identify factors that had a significant independent influence on the likelihood of referral. Three steps were used. First, multivariate logistic regression models were constructed using a stepwise procedure (significance levels for entry/retention, .15/.20). For each cohort, candidate variables included the index conditions pertaining to that cohort; medication categories; the gender, age, and years since graduation from medical school for the primary care physician; a summary cost-effectiveness score; a summary satisfaction score; and the survey items. Second, these models were examined using a backward elimination procedure (significant level for retention, .05). The discriminatory ability of these models was measured by the c -statistic. 27 The effect of nonresponse bias was assessed by including a dummy variable for missing survey data in models containing patient characteristics. Variables retained in the multiple logistic regression models were entered into generalized estimating equations (GEE) using PROC GENMOD . This additional step allowed for the possibility that patients with the same primary care physician might have referral patterns that were more similar to each other than patients with different primary care physicians. The GEE models assumed a common outcome correlation coefficient for any two patients with the same physician.
RESULTS
One hundred fourteen physicians (79%) returned 570 surveys, applicable to 86% of the encounters. On average, physicians were 46 years old (SD ϭ 11 years), and had graduated 19 years earlier from medical school (SD ϭ 11 years); 28% of them were women. Patient cohorts ranged in size from 2,204 to 5,640 patients (Table 2) , representing 10% to 20 % of the IPA's managed care patients with the index conditions.
Principal components analyses identified two factors in the surveys. Factor 1 loaded heavily on variables considered to be measures of physician satisfaction with the specialty, and factor 2 loaded heavily on variables that addressed the perceived cost-effectiveness. Together, these factors explained 64% of the variability. Cronbach's ␣ was .91 for the items in factor 1 and .85 for the items in factor 2.
Approximately one fourth of encounters were with a primary care physician other than the patient's assigned physician; however, less than 1% of cohort patients changed primary care physician assignment during this time. The likelihood of referral after an encounter was not different when information was missing on the physician survey, except for pulmonary disease referrals, for which encounters with missing items were more likely to be followed by a referral (odds ratio 1.8, p = .048). The multivariate logistic models had the following c statistics: cardiology, .74; ophthalmology, .79; pulmonary, .73; orthopedics, .66; and general surgery, .77.
The referral rates to each specialty and results of the multivariate GEE models are shown in Table 3 . Although each parameter in these models initially had a p value less than .05 in the multivariate logistic models, several items lost statistical significance in the GEE models, indicated by confidence intervals that include 1.0.
When we compared one specialty with another, there were large differences in referral rates for patients with index conditions in those specialties, from 1.6% for patients with pulmonary conditions to 7.0% for those with ophthalmologic conditions (Table 3 ). When we looked at the effects of the two types of characteristics, we found that both characteristics of the patient and characteristics of the primary care physician were associated with the referral rate. We observed some interesting patterns in these associations. The relative effects of the two types of characteristics were different for different specialties. For example, the ratio of patient characteristics to physician characteristics was high for patients with orthopedic and general surgical conditions, low for patients with ophthalmologic and pulmonary conditions, and intermediate for patients with cardiology conditions. Also, at least one patient characteristic had a stronger effect than any physician characteristic, regardless of specialty. Finally, different physician characteristics were associated with referral rates in different specialties, except for increasing primary care physician satisfaction, which had a small positive effect in two specialties and a small negative effect in one specialty.
DISCUSSION
Given the known variability in referral practices, our particular findings may not apply to other settings. Therefore, we will focus on the inherent strengths and limitations of the methods.
The first consideration is utility. This approach was relatively inexpensive and was accepted by a large majority of the physicians. The high response rate to the survey suggests the study could be replicated without much difficulty, assuming an honest and collegial physician environment. We believe the type of information displayed in Table 3 is useful to a physician organization. The diagnoses identified are potential candidates for referral guidelines, or more focused analyses of overutilization or under-utilization. The physician characteristics, such as the level of diagnostic certainty in the orthopedics model and the primary care physician satisfaction in the cardiology and ophthalmology models, could inform planning for continuing education or marketing programs.
The extent to which the characteristics we identified explained the variability in the referral patterns is reflected by the favorable c statistics of the multivariate logistic models. Values of this measure can range from 0.5 (no explanatory ability over chance alone) to 1.0 (complete explanation). 28 The values of 0.66 to 0.79 that we found in this study indicate that given two randomly chosen primary care physician encounters in the data set, the one more likely to be followed by a referral could be identified 66% to 79% of the time. 27 The next consideration concerns the validity of the methods. A unique aspect of this study was the cohort approach to inpatient and outpatient medical claims, incorporating information from a one-time survey of primary care physicians. The data were arranged chronologically, so that referrals which followed a particular encounter were influenced only by diagnoses assigned up to and including that encounter. This approach addressed a common flaw in using retrospective risk-adjustment methods. Another strength was the use of models based on GEE to adjust for the influence of individual physicians on patient outcomes. This approach was relevant because some variables that appeared to be statistically significant in the logistic regression models became less significant when using the GEE models, indicating that some erroneous conclusions could occur if only models based on logistic regression were used.
There are, however, limitations to our approach. First, claims data can inaccurately reflect clinical reality. 29 Further, the level of explanation achieved is certainly due in part to the inclusion and exclusion criteria. Study patients had the same HMO insurance for at least 2 years, were cared for by the same IPA, and had symptoms or diagnoses that had not been present in the previous year. These criteria permitted a more focused evaluation of referral patterns for patients with recent onset of symptoms, but meant that only 10% to 20% of patients with these diagnoses were studied. Whether or not these findings would apply to patients whose problems are more chronic is not known. Furthermore, the relatively small number of referrals raises the possibility that the models were overfit. Even with strict inclusion criteria, about one fourth of the encounters were with a primary care physician other than the patient's assigned physician. This introduced another source of variability in the data. Although holding the assigned physician responsible for the referral is consistent with common administrative practices, the activity of other physicians should not be ignored when profiling individual physicians.
The diagnostic categories were broad, particularly in the case of the orthopedic model. These categories were originally developed to explain overall medical expenditures, not referral patterns specifically. Broad grouping could result in the loss of discriminatory information. Even then, the potential for confounding referral practices with the assigned diagnoses was not eliminated. For example, a physician with a low threshold for diagnosing coronary artery disease in patients with chest pain might be expected to refer to cardiologists more frequently than a physician who would code similar presentations as nonspecific chest pain. At present, there does not appear to be an easy solution to this problem. A conservative interpretation of the diagnostic categories is that they reflect physicians' undererlying uncertainty and propensity for referral, as well as the condition of a patient. Future studies will be required to clarify the optimal way to define diagnostic groups and to separate variability due to physicians from variability due to patients.
The physician survey yielded a counterintuitive finding that increasingly satisfied primary care physicians were less likely to refer patients to pulmonologists. This finding could have been due to nonresponse bias, because encounters with primary care physicians who did not complete survey items regarding this specialty were also less likely to result in referrals. This finding could also have resulted from a survey process that was not anonymous, from changing levels of physician satisfaction over time, or the possibility that pulmonary disease specialists had educated some primary care physicians to handle certain pulmonary problems without referral (which could decrease referrals and increase satisfaction). 
